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Description 

[0001] The present invention relates to a method and apparatus for active control of acoustic output in gradient coils 
and more particularly for reduction of the noise output of a coil system without significant interference with the magnetic 

5 field generated by the coil system. 

[0002] As magnetic fields get higher in magnetic resonance imaging, (MRI) (P. Mansfield P. and P.G. Morris, NMR 
Imaging in Biomedicine. Academic Press, NY. (1982)), the gradient coils necessary in the imaging process become 
more obtrusive by virtue of the very high levels of acoustic noise generated. This arises because the very high currents 
in the wires required to produce the gradients generate very large Lorentz forces by interacting with the large static 

10 magnetic field present. 

[0003] Various attempts have been made to ameliorate the acoustic noise problem by damping, or by attempting to 
cancel the noise intensity in air. This approach is like treating the symptoms of the problem rather than going to the 
cause. More recently a new approach has been advocated which balances all Lorentz forces within the coil system (P. 
Mansfield, B. Chapman, P. Glover and R. Bowtell, International Patent Application, No. PCT/GB94/01187; Priority Data 

15 9311321 .5, 2 Jun (1993), P. Mansfield, P. Glover and R. Bowtell, Active acoustic screening: design principles for quiet 
gradient coils in MRI. Meas. Sci. Technol. 5, 1021-1025 (1994) and P. Mansfield, B.L.W. Chapman, R. Bowtell, P. 
Glover, R. Coxon and P.R. Harvey, Active acoustic screening: Reduction of noise in gradient coils by Lorentz force 
balancing. Magn. Reson. Med. 33, 276-281 (1995)). In principle this should solve the problem completely. This would 
be the case if the supporting material coupling the force balancing wires had an infinitely high compressional wave 

20 velocity. Unfortunately, from this point of view, all materials are compressible and for most readily available plastic 
materials the sound wave velocity lies in the range 1 - 3 kms -1 . In practice this means that when frequencies increase 
and, of course, depending on the dimensions of the supporting material, the structure can approach a resonance 
condition. But even before this occurs it has been shown quite recently that distortions in the supporting material are 
responsible for the launch of sound waves in air (P. Mansfield, P.M. Glover and J. Beaumont, Sound Generation in 

25 Gradient Coil Structures for MRI. Magn. Reson. Med. (to be submitted)). For a flat plate it is shown that the sound 
waves in air produce an acoustic diffraction pattern. When Lorentz force balanced wires are coupled with any material 
the sound output depends on frequency and is generally large unless additional precautions are taken to absorb acous- 
tic energy in the diffraction side lobes. This approach is, therefore, likely to be of limited value only. In a recent PCT 
application No. GB96/00734, a different approach has been advocated in which additional wire loops are added as an 

30 integral part of the coil structure in an attempt to cancel the acoustic wave generation within the solid structure. This 
approach exploits the Lorentz forces which are generated by the additional loop of wire. When the phase and amplitude 
of the Lorentz forces are adjusted correctly this approach appears to produce the desired acoustic noise cancellation. 
A slight disadvantage with this approach is that the additional wire loops will themselves produce undesirable magnetic 
fields at the gradient coil centre. For magnetically screened coils the additional wire loops can also produce undesirable 

35 extraneous magnetic fields which to some extent vitiate the magnetic screen. 

[0004] In the new approach described in this invention the additional wire loops mentioned above are replaced by 
self-contained transducers which may be of the piezoelectric type or some other type and which produce no substantial 
extraneous magnetic fields. 

[0005] Quiet gradient coils will be of value in a range of MRI applications where earplugs or ear-defenders for the 
40 subject are either undesirable or impractical. Such situations exist in foetal scanning in pregnancy, paediatric imaging 
of the very young and in veterinary applications. Wider applications exist with normal patient scanning where noise 
levels, even with earplugs, become intrusive and potentially dangerous. Quiet gradients could find a special application 
in studies of functional imaging of the brain. There is considerable interest in studying the acoustic cortices and their 
response to specially tailored phonic inputs. Such responses can be overwhelmed by the intrusive gradient noise input 
45 unless it can be significantly attenuated. 

[0006] US-A-5,548,653 discloses an active noise and vibration actuators which are mounted on support members 
on the surface of a coil structure and are activated to minimise the total noise eminating from the system. 
[0007] The present invention provides apparatus for active acoustic screening of a coil system, said coil system 
comprising at least one current carrying conductor, the coil system being suitably mounted either between two blocks 
50 of acoustic material, the blocks being separated by a gap or within a slot in one block of acoustic material with a slot 
within the block, characterised in that an active electromechanical transducer is mounted in said gap or slot in order 
to balance the active and reactive forces produced by the transducer and including means for energising the electro- 
mechanical transducer to oppose the vibratory noise generated by said coil system when energised in a static magnetic 
field. 

55 [0008] The present invention also provides an active acoustically controlled magnetic coil system comprising at least 
one current carrying conductor configured in a loop to provide outward and return paths characterised in that said 
outward and return paths are mounted in support blocks of material having predetermined acoustic transmission char- 
acteristics, said support blocks comprising first and second portions separated by a gap said outward and return paths 
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being mounted respectively in said first and second portions and further including at least one active transducer mount- 
ed in said gap, and comprising means for supplying a predetermined alternating current to said conductor and ener- 
gisation means for supplying the at least one active transducer with selected energisation and selected phase with 
respect to the said alternating current, said energisation being selected to generate mechanical movement in said 
5 transducer to actively oppose vibrations created in said support block by said conductor to reduce the acoustic noise 
generated by the coil system. 

[0009] The present invention further provides an acoustically controlled magnetic coil system in which there are 
provided a plurality of transducers, each being provided with energisation to create mechanical movement within the 
transducer to reduce the noise generated by the coil system when energised in a static magnetic field. 

10 [0010] Preferably the means for determining the selected energisation supplied to the transducers comprises a mi- 
crophone mounted to receive noise signals generated by the at least one current carrying conductor, said microphone 
being connected to a display means and including a control circuit supplying relative phase and amplitude control 
signals to said energisation means to energise the transducers to reduce the noise generated by the coii system. 
[0011] Preferably the active transducer comprises a piezoelectric transducer. The piezoelectric material may be a 

15 quartz crystal, barium titanate, lead zirconium titanate or other such piezoelectric materials. 

[0012] Alternatively, the active transducers may comprise magneto strictive devices of a size small enough so as 
not to significantly affect the required gradient field. A further alternative is an active transducer comprising a thin 
current loop enclosing a rubber block, its dimensions chosen so as to make the device non-resonant at the operating 
frequency. 

20 [0013] In a first embodiment, the first and second portions of the support block may comprise the same material and 
the position of the gap may be equidistant between the outward and return paths. 

[0014] In a second embodiment the first and second portions of the support block may comprise different materials 
having different acoustic compressional wave velocities and different attenuation constants, the position of the gap 
may then be selected to be non-equidistant between the outward and return paths of said current carrying conductor. 
25 [0015] In a third embodiment, the transducer may be provided with a matching unit to enable it to produce different 
mechanical movements on each side of the gap. 

[0016] In a further embodiment the outward and return paths may comprise separate conductors with separate drive 
means forming a coil system comprising a primary coil and a magnetic screening coil for said coil system, the transducer 
means being energised to reduce the acoustic output of the coil system. 
30 [0017] In a complex system for MRI the coil system may comprise x,y and z gradient coils and screening coils for 
said x,y and z gradient coils and the transducers may be mounted between said coils and said screening coils and 
energised to reduce the acoustic output of the system. 

[0018] The transducers may require to be spatially distributed with common zones used to cancel the acoustic wave 
for the x,y and z gradient coils and a logic matrix drive system may be used to selectively energise a plurality of drive 
35 units for the transducers, those transducers within any common zone area being driven at an amplitude and phase 
which may be different to those in non-common zones. 

[0019] Preferably the conductors for each primary coil and magnetic screening coil and the acoustic control trans- 
ducers are each distributed on individual cylindrical geometries, each of the aforesaid coils being arranged in the form 
of a fingerprint coil each cylinder being arranged in a nested concentric and coaxial set. 

40 [0020] When wires are pulsed with current, I, within a magnetic field, they experience a Lorentz force which depends 
on the magnetic field strength, B, and is maximised when the angle between the current and field directions is 90°. If 
the wire is embedded in a supporting block of material, its movement will launch an acoustic wave in the material. The 
basic idea for this invention is to cancel the acoustic waves which are launched by the gradient coil wires into the 
supporting structure. But this is done by injecting a suitably phased second acoustic wave of appropriate amplitude to 

45 cancel the first wave within the solid structure. In a previous design this is achieved by adding extra wires to the gradient 
coil design (P. Mansfield, Active Acoustic Control in Quiet Gradient Coil Design for MRI. PCT Application GB96/00734). 
In the present invention this is achieved by use of suitable non-magnetic transducers. These transducers could be 
piezoelectric transducers based on either quartz crystals, barium titanate or lead zirconium titanate or other such pie- 
zoelectric materials, or by the use of suitable magneto strictive devices which are small enough so as not to affect 

50 significantly the required gradient field or by small self-contained, localised current loops arranged so that the loop 
plane is orthogonal to the magnetic field B. In the following we shall use the word transducer to mean any one of the 
above mentioned devices or a device working on similar principles singly or in combination with any of the aforemen- 
tioned devices. 

[0021 ] Embodiments of the present invention will now be described by way of example with reference to the accom- 
55 panying drawings in which :- 

Fig. 1 shows a diagram indicating an x gradient set madef rom four rectangular loops of N turns, all carrying current I ; 
Fig, 2 shows a plan view of a distributed x gradient coil made up of current loops (rectangular or arcuate). Each 
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quadruplet of loops about the central x-y plane carries the same current. Successive q uadruplets may have different 
currents if the space between the successive quadruplets is constant; 

Fig. 3 shows a sketch showing the x gradient comprising four arcuate segments of closed arc loops, each com- 
prising N turns and carrying the current; 

5 Fig. 4 shows a sketch of a wire supporting board with a single current loop inset. The board is split with an air gap. 

Mechanical integrity is maintained by two connecting blocks, BL, and BL 2 . Transducers are posted in the slot; 
Fig. 5 shows a plan view of the arrangement shown in Fig. 4 with transducer glued in the slot or gap; 
Fig. 6 is a block diagram of the transducer drive circuit arrangement showing the network analyser, its output via 
the phase splitter to the gradient power supply and the voltage power supply for the transducers. The test coil 

10 produces an acoustic output which is received by the microphone. The microphone signal is fed via the pre-amplif ier 

back to the network analyser. Points PQ and P'Q' are the coupling points in the circuit modification shown in Fig. 7; 
Fig. 7 shows a block diagram for a modified insert circuit between points PQ and P'Q' of Fig. 6. The purpose of 
this modification is to allow the circuit to be pulsed with trapezoidaily shaped or other shaped waveforms and to 
introduce the necessary delay between the gradient waveform and the transducer waveform. To achieve this the 

15 switches, S1 and S2, are set to switch in the pulsed generators, PG1 and PG2, respectively. These generators 

are triggered by trigger pulses which are initiated from the trigger input, T, of Fig. 6 but are delayed with respect 
to each other by delays, D1 and D2; 

Fig. 8 shows a sketch of one arcuate segment of a transverse gradient coil (see Fig. 3) which is mounted on a 
board in which a central slot is cut. Transducers with matching arrangements are mounted in the gap; 

20 Fig. 9 shows a sketch of an acoustic matching arrangement and transducer mounted between the two surfaces. 

The matching arrangement comprises three rigid plates shown in end section (thick black lines), the middle plate 
being hinged or pivoted at both ends to the other two plates. Flexible filler material is shown shaded; 
Fig. 10 shows a sketch showing the mounting of two arcuate segments of a gradient coil on a single plate. Trans- 
ducers and matching arrangements are mounted within the central slot. Additional air gap slots are also shown; 

25 Fig. 11 shows a sketch showing the mounting arrangement for two circular hoops forming part of an axial gradient 

arrangement comprising two current hoops of radii a and c with currents ^ and l 2 respectively; 
Fig. 12 shows a sketch of a fluid cooled spacer annulus; 

Fig. 13 shows a sketch of assembled gradient coil showing the gradient coil plates and spacers; 

Fig. 14 shows a sketch showing an end-on view of two coaxial annular cylinders separated by a slot into which 

30 are mounted transducers and matching units, where necessary. The inner cylinder carries a primary coil at radius 

a. The outer cylinder carries a magnetic screen coil at radius c. The inner cylinder has a thickness x-, with an 
acoustic wave propagation velocity v A and attenuation o^. The outer cylinder has a thickness x 2 an acoustic wave 
propagation velocity v 2 and attenuation c^. This arrangement represents a magnetically screened transverse gra- 
dient coil or a magnetically screened axial gradient coil; 

35 Fig. 15 shows a sketch of an exploded view of a magnetically screened transverse gradient coil comprising two 

coaxial annular cylinders with dimensions and details as contained in Fig. 14. The transducers and matching, 
where necessary, are shown on the outer surface of the inner cylinder; 

Fig. 16(a) shows a sketch of a uniform distribution of transducers on an unrolled cylindrical surface. Only the 
positive half-plane is shown with axes +z and re. The surface is divided into nine zones; Z1 , Z2, Z12 and Z21 and 
40 their corresponding anti-phase zones Z plus Z3. All transducers and matching units are fixed to a thin flexible 

surface which carries the supply leads to the devices. If the -z half-plane is included, an additional nine zones are 
required all complementary to those described; 

Fig. 16(b) shows an end view of the transducer array sheet of Fig. 16a when rolled into a cylindrical annulus. The 
outer surface of radius b' also consists of a thin flexible sheet of material which holds the matching units in place. 
45 The whole transducer assembly is inserted in the slot of Fig. 14; 

Fig. 16(c) shows a sketch of an alternative current transducer comprising a strip conductor sandwiching a stiff 
rubber spacer. The transducer is fed from a strip line as indicated and the plane of the enclosed current loop is 
normal to the magnetic field B; and 

Fig. 1 7 shows a circuit drive arrangement for the transducer assembly as shown in Fig. 1 6a indicating the individual 
so zone drive arrangements and common zones and logic drive shown schematically with truth table as in Table 1 . 

[0022] There are several geometries of gradient design which are currently in use and which could benefit from the 
application of this invention. Gradient coils can be magnetically screened or unscreened. The unscreened variety can 
be made up of a series of closed loops (P. Mansfield, B. Chapman, P. Glover and R. Bowtell, International Patent 
55 Application, No. PCT/GB94/01 1 87; Priority Data 931 1 321 .5, 2 Jun (1 993), P. Mansfield, P. Glover and R. Bowtell, Active 
acoustic screening: design principles for quiet gradient coils in MRI. Meas. Sci.Technol. 5, 1021-1025 (1994), P. Mans- 
field, B.L.W. Chapman, R. Bowtell, P. Glover, R. Coxon and P.R. Harvey, Active acoustic screening: Reduction of noise 
in gradient coils by Lorentz force balancing. Magn. Reson. Med. 33, 276-281 (1995) and V. Bangertand P. Mansfield, 
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Magnetic field gradient coils for NMR imaging. J. Phy. E. Sci. Instrum., 15,235-239(1982)). 
[0023] For rectangular symmetry transverse gradients can be generated from a series of rectangular closed loops 
suitably placed and distributed to give the best transverse gradient. Figure 1 shows a transverse gradient coil with four 
loops, each with N turns. The whole coil arrangement lies in a magnetic field B which points along the z axis. Figure 

5 2 shows a plan view of a distributed arrangement of equally spaced loops carrying different currents ^ ,l 2 .. . An alternative 
is to use a common current in all loops and vary the turns in each loop. A further alternative is to keep the turns and 
current constant and vary the spacing between loops. Mixtures of the two alternatives are also possible. 
[0024] For transverse gradients with cylindrical symmetry a series of closed arc loop segments can be used. Figure 
3 shows a transverse cylindrical symmetry gradient coil with four segments. As in the case of the rectangular segments, 

10 more arcuate segments can be used to form a distributed coil arrangement as shown in plan view in Fig. 2. The same 
considerations of current, turns and spacing discussed for the rectangular segments apply equally for arcuate seg- 
ments. 

[0025] For an axial field gradient modifications of the Helmholtz coil can be used in which distributed coils are used 
to create a more uniform gradient field. 

15 [0026] Coils comprising a series of closed loops possess intrinsic cancellation of the Lorentz forces extant around 
the loop when the plane of the loop is normal to the magnetic field direction. For simplicity we consider one of the 
rectangular closed loop coils from Fig. 1 . This is redrawn together with its mounting board in Fig. 4. 
[0027] We take the ratio of long and short axes to be greater than 1 and preferably around 3:1 so that acoustic 
compressional waves induced along the long axis of the coils when supported in a suitable material may be ignored. 

20 We concentrate on the launch of plane compressional waves which traverse the short axis of the coil. It has been 
shown elsewhere (P. Mansfield, P.M. Glover and J. Beaumont, Sound Generation in Gradient Coil Structures for MRI. 
Magn. Reson. Med. (to be submitted)), that the simultaneous launch of waves from both sides of the supporting board 
creates a distortion of the board thickness causing a thickening or a thinning of the board depending on the direction 
of the Lorentz forces applied at the edges, and this thickening or thinning of the board generates an acoustic wave in 

25 air which travels normal to the board face along the direction of the static magnetic field. In order to cancel the transverse 
acoustic waves within the solid board 40 it is proposed that a slot 42 be cut down the centre of the board as indicated 
in Fig. 4 and in this slot is posted one or several piezoelectric devices 44,46, the surfaces of which make contact with 
thin metallic strips which are glued to the slot surface. The conducting strips provide electrical supply to activate the 
transducers. The arrangement is shown in plan view in Fig. 5. The arrows represent the movement of the board edges 

30 when the wire loop is energised within a magnetic field, B. Without the piezoelectric devices in place acoustic waves 
launched from each wire at the edges of the board will arrive with a phase delay which is related to the width of material 
traversed by the acoustic wave and the velocity of sound in the board material. Because the wires at the edges of the 
board carry equal and opposite currents there is an inherent 180° phase shift which, due to wave transit delays, is 
reduced slightly between the two waves when they arrive at each side of the slot. If now the piezoelectric devices are 

35 activated with the right phase shift and amplitude, the acoustic wave in the support material at the slot can be cancelled. 
For continuous sinusoidal or other harmonic modulation of the current in the gradient coil (P. Mansfield, PR. Harvey 
and R.J. Coxon, Multi-mode resonance gradient coil circuit for ultra high speed NMR imaging. Meas. Sci. Technol. 2, 
1051-1058 (1991)), the piezoelectric devices must be activated with a sinusoidal or other harmonically modulated 
voltage of appropriate amplitude and phase to cancel the acoustic wave. A gradient and transducer drive circuit is 

^o shown in Fig. 6. In this arrangement used here as a test rig a network analyser is used both to produce the basic AF 
output signal and to receive the audio response and monitor signals. This allows a swept frequency display of the 
acoustic output data. The AF output is fed to a phase splitter which produces two voltage outputs of independently 
variable amplitudes, V 1 and V 2 , with a variable phase difference, Output V 1 is fed via a gradient driver amplifier to 
a current amplifier the output, I, of which is fed directly to the gradient coil. The voltage output V 2 is fed via a transducer 

45 driver circuit to the voltage amplifier (in the case of a piezoelectric transducer) which output voltage, V with phase 
is fed directly to the transducers. 

[0028] Monitor signals are fed from both power amplifiers back to the network analyser inputs A,B. The acoustic 
noise is picked up by the microphone and its signal returned to the R input. The network analyser can be used in a 
swept frequency mode or in a spot frequency mode, 

so [0029] If the gradient coil current is activated in the form of a single pulse, then the piezoelectric devices must be 
similarly pulsed with appropriate amplitude and delay time in order to effectively cancel out the arriving waves at the 
slot. For pulses, the trigger output, T, of the network analyser is used to time events. For dispersive media the actual 
waveform shape arriving at the slot may have suffered distortion. In this case the waveform of the piezoelectric devices 
must be so shaped as to produce a matching waveform for perfect cancellation. A circuit arrangement for shaping and 

55 delaying the pulses is shown in Fig. 7 and is inserted in circuit between the points PQ and P'Q' in the diagram of Fig. 
6. The switches S1 and S2 are set appropriately to switch in the pulse generators PG1 and PG2 respectively. The 
pulse generators are triggered via delays D1 and D2 from the input T 

[0030] For non-test use the network analyser can be replaced by a waveform controller with appropriate generators. 
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In this use, three gradient drivers, x, y and z, are required and at least three zonal transducer drivers. 
[0031] Rectangular gradient coil units may be assembled to produce a transverse gradient as discussed above. The 
same principles can be applied to transverse gradients with cylindrical symmetry comprising a set of closed arc loops 
incorporating piezoelectric transducers. However, there is a slight complication when considering curved geometries 

s as shown in Fig. 3. Acoustic transmission in the support medium is no longer by plane waves but by cylindrical waves. 
In essence this means that waves formed from a convex wire decrease in amplitude as they proceed into the solid 
medium, whereas waves formed from a concave wire will increase in amplitude as they progress into the medium. . 
[0032] Because of this feature, one matching method is to make the supporting structure for the gradient coil wire 
loop with two different materials, one supporting the convex acoustic wave and the second supporting the concave 

10 acoustic wave. These materials will in general have different compressional wave velocities and this in turn means in 
general that the slot between the two wires is no longer in the centre of the arrangement but displaced to a position 
such that the arriving convex and concave acoustic waves have equal and opposite amplitudes at the slot. 
[0033] An alternative approach is to keep the slot in the middle of the board and match the acoustic amplitudes at 
the slot edges to the transducer 80 with a matching unit. The slot can be typically 2-3mm. This is shown in Fig. 8. 

15 Figure 9 shows one form of a mechanical matching arrangement and piezoelectric transducer mounted between the 
slot edges. This arrangement, shown end on, depicts three rigid plates 90,92,94, two angled 92,94 and coupled by the 
third plate 90 which is hinged or pivoted between the first two plates. The space enclosed by the plates is filled with a 
flexible material and the material and overall dimensions of the matching unit are such that it is non-resonant in the 
frequency range used. By having the connecting plate 90 below the halfway point, i.e. h < H/2, vertical movements of 

20 the top and bottom of the matching unit will be different, thereby achieving the desired acoustic matching. Also shown 
in the diagram is the transducer 80 and the position of the whole arrangement which is sandwiched between the two 
surfaces with strip conductors. 

[0034] We have discussed a specific low frequency matching device but other arrangements may be used as match- 
ing devices. 

25 [0035] The arcuate segments can be mounted in pairs on boards as sketched in Fig. 1 0. In this case additional slots 
100, 102, 104, 106 (dotted) may be introduced to prevent tangential acoustic transmission. 

[0036] The circular z gradient coils can also be made of pairs of hoops on a single board with a separating slot into 
which the matched transducers are deployed, Fig. 11 . For acoustic cancellation the currents in the inner and outer 
hoops, and l 2> can be adjusted so that the acoustic amplitudes each side of the slot are equal and opposite. In this 
30 case transducers only can be deployed, matching arrangements being unnecessary in this case. To maintain the me- 
chanical integrity of the board, several supporting segments 110, 112, 114 are left. 

[0037] Both the transverse and axial gradient plates are spatially distributed by water/oil cooled spacer plates 120, 
Fig. 12. The whole assembly of gradient plates 122 and spacers is sketched in Fig. 13. 

[0038] Transverse gradient coils based on closed loop geometries are, of course, not screened magnetically. If mag- 
35 netic screening is required this can be implemented as an addition to the design.. However, it is difficult to implement 
this extra magnetic screening with its own acoustic cancellation. Without acoustic cancellation there will be some 
acoustic output from the magnetic screen which would vitiate the acoustic cancellation efficacy of the overall coil as- 
sembly. 

[0039] The most satisfactory way of producing magnetically screened coils is well known (P. Mansfield and B. Chap- 

40 man, Active magnetic screening of gradient coils in NMR imaging. J. Mag. Res. 66, 573-576 (1986) and P. Mansfield 
and B. Chapman, Active magnetic screening of coils for static and time-dependent magnetic field generation for NMR 
imaging. J. Phys. E. 1 9, 540-545 (1 986)) and involves two magnetic coils, one which we may call the primary and the 
second coil the magnetic screen. For transverse gradients with cylindrical geometry, both primary and screen coils are 
usually of the distributed or fingerprint design. Each coil is wound on its own cylindrical surface. The radii of the two 

45 coils are such as to leave a gap between the primary and the screen. This may be filled with a suitable plastic potting 
material so that the inner and outer coils are mechanically coupled. However, in this configuration since the magnetic 
screen coil uses in general a lower current than the primary coil, the arrangement described is not Lorentz force bal- 
anced. When the primary coil and screen are simultaneously activated with currents of opposite polarity, acoustic 
waves of different amplitude will be launched within the material between the coils. In general the primary coil will 

so produce a much greater Lorentz force than that generated by the magnetic screen. Because we are now dealing with 
the generation of cylindrical waves in the space between the coils, the convex cylindrical wave will reduce in amplitude 
as it proceeds radially outwards, whereas the concave acoustic wave produced by the magnetic screen will increase 
its amplitude as it proceeds radially inwards. Where these two waves have equal and opposite amplitude will dictate 
the position of a cylindrical slot 1 40, Fig. 14. This forms an intrinsically matched pair of cylinders. In this arrangement 

55 the material 142 carrying the convex wave on an inner cylindrical annulus will in general be different to the material 
144 carrying the concave wave on an outer cylindrical annulus, thereby producing different compressional wave ve- 
locities and different wave attenuation constants. 

[0040] In the part sketch of Fig. 14, which gives a view looking along the cylindrical z axis, the primary coil 146 has 
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a radius a and carries a current l v It is moulded into a cylindrical annulus 142 of thickness x 1 and outer radius b, and 
is made of material with acoustic compressional wave velocity v t and attenuation constant a v The magnetic screen 
148 has a radius c and carries a current l 2 . It is moulded into a second cylindrical annulus 144 of thickness x 2 with 
inner radius b' and is made of material with acoustic compressional wave velocity v 2 and attenuation constant o^. The 
s slot 1 40 position and hence acoustic matching efficacy, will in general depend on all the variables mentioned as well 
as the details of the primary and magnetic screen coils. 

[0041] A series of piezoelectric transducers 141 , 143 are posted in the slot 1 40 between the two cylinders, as shown 
in exploded view of Fig. 15, and the metallic voltage supply strips 150 glued in position. The circuits of Figs. 6 and 7 
can then be used to activate both the magnetic coils and the piezoelectric transducers 141 , 143 etc in order to cancel 
10 the acoustic wave within the solid cylinders. This arrangement does not affect the generation of the magnetic gradient 
or the efficacy of its magnetic screening since the current supplying the transducers is negligible and the small field 
generated from this current is entirely ignored. 

[0042] An alternative matching arrangement is one where the slot is halfway between the primary and screen coils. 
The difference in magnitude of the amplitudes of the arriving acoustic waves is accommodated by using transducers 
15 with mechanical matching arrangements as indicated in Figs. 8 and 9 or otherwise. This has the advantage that both 
inner and outer cylinders 142, 144 can be made of the same material. 

[0043] In a working gradient set three gradient coils are required to produce three gradients along the three axes x, 
y and z. In the distributed coil arrangement of Figs. 14 and 15 all three gradients would be magnetically screened and 
the primaries would, so far as is possible, all lie on the inner cylindrical surface of radius a, and the magnetic screens 
20 would all lie, as far as possible, on the cylindrical surface of radius c. The transducers for all three axes would be 
distributed in the same slot lying between radii b and b\ The extent of the transducer array is such that there will be 
some overlap between all three gradient axes and, therefore, we propose that the transducer array be divided into 
zones. 

[0044] One such arrangement is shown in Fig. 16a in which the transducers are uniformly distributed around the 
25 cylindrical surface, here shown unrolled on to a plane sheet. Only the positive half-plane is shown in which the vertical 
axis is +z and the horizontal axis is bO. In this arrangement depicted diagrammatical ly as a regular array of transducers 
with matching units, we have nine zones; Z1 ,Z1 corresponding to the x axis, Z2.Z2 corresponding to the y axis and 
Z3 corresponding to the z-axis. The shaded overlapping zones are designated Z21 , Z21 , Z12 and Z21 . For a full 
gradient set including the -z half-plane, a further nine zones would be required corresponding to states complementary 
30 to those of the +z half-plane. 

[0045] In a practical arrangement the transducers 141 , 143 etc would be fixed to a thin flexible sheet 1 60 with drive 
strip line conductors 150 etc appropriately coupled to the various zones. The whole sheet would be rolled into a thin 
annular cylinder as shown in Fig. 1 6b with a second thin flexible sheet 1 62 supporting the inner surfaces of the trans- 
ducers. 

35 [0046] The inset diagram in Fig. 16b shows the arrangement of a matching unit 90, 92, 94 and transducer 80 (see 
Fig. 9) sandwiched between the two thin flexible cylinders 1 60, 1 62. 

[0047] In Fig. 16c an alternative current transducer arrangement 1 64 is sketched. This comprises a strip conductor 
1 66 sandwiching a stiff rubber spacer 1 68 and fed with a strip line conductor. Current I passes in the rectangular loop 
around the stiff rubber conductor and the plane of the loop is arranged to be normal to the magnetic field direction. 
40 Provided that the mechanical response of the rubber spacer is resonant well above the operating frequency, this trans- 
ducer could be used instead of the piezoelectric devices referred to previously. 

[0048] Because some of the zones in Fig. 16a are common to two or more axes, the zoning arrangement described 
above can be used to advantage by driving the nine transducer drivers, one for each zone via a logic decoder matrix 
170 as shown in Fig. 17. This would be activated for an x, y or z input. According to the truth table, Table 1, using 
45 necessary directional logic. Additional zone drivers and decoding logic would be required to drive the transducers in 
the -z half-plane. 
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Truth table relating the gradient direction (x,y,z) to the nine zone transducer amplifier states. The symbols + and - refer 
to the polarity of the output amplifiers and 0 means zero output. 

[0049] Several transverse gradient coil arrangements for use in MRI have been described based on either rectangular 
closed current loops or closed arcuate current loops. 
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[0050] By introducing an appropriately placed slot forming an air gap in the rectangular or arcuate segments of the 
mounting board, transducers may be introduced and, when activated by an external voltage or current supply fed by 
strip conductors, can be made to cancel the acoustic wave which is generated by the Lorentz forces in the current 
loop. Similar arrangements may be made to cancel acoustic noise generated in circular hoop pairs, a distribution of 
which may be used to generate an axial field gradient. 

[0051] For arcuate geometries an acoustic matching arrangement is required since the waves generated within the 
mounting board are no longer plane waves. One possibility discussed is for two distinctly different materials to be used 
either side of the slot, the characteristics of the materials being chosen to give an acoustic match. In this case the 
transducers can be posted directly into the slot. If the same material is used either side of the slot, then an acoustic 
matching device is required. 

[0052] None of the gradient arrangements discussed immediately above incorporate magnetic screening. Magnetic 
screening can be introduced in the above described arrangements based on closed current loops, but the magnetic 
screen would not have acoustic cancellation. 

[0053] For a fully magnetically screened system we propose an integrated strategy based on distributed transverse 
gradients of the fingerprint design and distributed z gradients. In this approach the primary and magnetic screen coils 
are designed in the standard way, but each is mounted on its own annular cylinder, the two cylinders being coaxial and 
separated by a small air gap. Transducers are appropriately placed in this gap making contact with the surfaces of the 
two cylinders. The material of the cylinders may be chosen to be different in order to achieve acoustic matching, in 
which case the transducers may be sandwiched directly between the cylinders with appropriate strip conductors to 
supply them with voltage. Alternatively, the cylinders may be made of the same material in which case acoustic matching 
is achieved by a matching unit which is inserted together with the transducer. In either case acoustic cancellation is 
possible without compromising in any way the magnetic characteristics of the gradient coil. 

[0054] In the above embodiments we have described a single slot arrangement by way of example in which the 
transducers are posted. In a further embodiment of the single slot arrangement, a plurality of transducers are posted 
in the slot and are driven by a plurality of different amplitudes and different phases. For greater acoustic attenuation 
efficacy, a plurality of slots may be used which, for cylindrical coil geometries would be placed at different radii and for 
rectangular geometries would be distributed throughout the supporting blocks. Each slot will be driven by its own driver 
arrangement requiring a current or voltage drive to a plurality of transducers with independently adjustable phase and 
amplitude. 

[0055] Single or multiple slots can also be used to improve the acoustic attenuation efficiency in combination with 
the re-entrant loop arrangement as described in our co-pending Application No. GB96/00734. In general, each slot 
would incorporate a plurality of re-entrant loops. Each re-entrant loop will be driven by its own current drive with inde- 
pendently adjustable phase and amplitude. 

[0056] Ideally, for the case where multiple transducers or multiple re-entrant loops are used, the supporting plate 
would comprise at least two layers uncoupled except at the edges. Such an arrangement would allow independent 
acoustic wave transmission within the independent layers of supporting material. An object of this arrangement would 
be to create vibrational nodes at the plate edges, thereby preventing the plate from moving at the edges. 

Claims 

1 . Apparatus for active acoustic screening of a coil system, said coil system comprising at least one current carrying 
conductor, 

the coil system being suitably mounted either between two blocks of acoustic material, the blocks being 
separated by a gap or within a slot in one block of acoustic material, 

characterised in that an active electromechanical transducer is mounted in said gap or slot in order to 
balance the active and reactive forces produced by the transducer and including means for energising the elec- 
tromechanical transducer to oppose the vibratory noise generated by said coil system when energised in a static 
magnetic field. 

2. An active acoustically controlled magnetic coil system comprising at least one current carrying conductor config- 
ured in a loop to provide outward and return paths and being mounted in support blocks of material having pre- 
determined acoustic transmission characteristics, said support blocks comprising first and second portions sepa- 
rated by a gap said outward and return paths being mounted respectively in said first and second portions and 
further including at least one active transducer mounted in said gap, and comprising means for supplying a pre- 
determined alternating current to said conductor and energisation means for supplying the at least one active 
transducer with selected energisation and selected phase with respect to the said alternating current, said ener- 
gisation being selected to generate mechanical movement in said transducer to actively oppose vibrations created 
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in said support block by said conductor to reduce the acoustic noise generated by the coil system when energised 
in a static magnetic field. 

3. An acoustically controlled magnetic coil system as claimed in claim 2 in which there are provided a plurality of 
5 transducers, each being provided with energisation to create mechanical movement within the transducer to reduce 

the noise generated by the coil system. 

4. An acoustically controlled magnetic coil system as claimed in claim 3 in which a means for determining the selected 
energisation supplied to the transducers comprises a microphone mounted to receive noise signals generated by 

10 the at least one current carrying conductor, said microphone being connected to a display means and including a 

control circuit supplying relative phase and amplitude control signals to said energisation means to energise the 
transducers to reduce the noise generated by the coil system. 

5. An acoustically controlled magnetic coil system as claimed in any one of claims 2 to 4 in which the active transducer 
'5 comprises a piezoelectric transducer, the piezoelectric material of which may be a quartz crystal, barium titanate, 

lead zirconium titanate or other such piezoelectric materials. 

6. An acoustically controlled magnetic coil system as claimed in any one of claims 2 to 4 in which the active transducers 
may comprise magneto strictive devices of a size small enough so as not to sign ificantly affect the required gradient 

20 field. 

7. An acoustically controlled magnetic coil system as claimed in any one of claims 2 to 4 in which the active transducer 
comprises a thin current loop enclosing a rubber block, its dimensions chosen so as to make the device non- 
resonant at the operating frequency. 

25 

8. An acoustically controlled magnetic coil system as claimed in claim 7 in which the first and second portions of the 
support block comprise the same material and the position of the gap is equidistant between the outward and 
return paths. 

30 9. An acoustically controlled magnetic coil system as claimed in claim 7 in which the first and second portions of the 
support block comprise different materials having different acoustic compression al wave velocities and different 
attenuation constants, the position of the gap then being selectable to be non-equidistant between the outward 
and return paths of said current carrying conductor 

35 10. An acoustically controlled magnetic coil system as claimed in claim 7 in which the transducer is provided with a 
matching unit to enable it to produce different mechanical movements on each side of the gap. 

1 1 . An acoustically controlled magnetic coil system as claimed in any one of claims 2 to 1 0 in which the outward and 
return paths comprise separate conductors with separate drive means forming a coil system comprising a primary 

40 coil and a magnetic screening coil for said coil system, the transducer means being energised to reduce the acoustic 

output of the coil system. 

12. An acoustically controlled magnetic coil system as claimed in any one of claims 2 to 11 in which the coil system 
comprises x,y and z gradient coils and screening coils for said x,y and z gradient coils and in which the transducers 

45 are mounted between said coils and said screening coils and energised to reduce the acoustic output of the system. 

13. An acoustically controlled magnetic coil system as claimed in claim 12 in which the transducers are spatially dis- 
tributed with common zones used to cancel the acoustic wave for the x,y and z gradient coils and a logic matrix 
drive system used to selectively energise a plurality of drive units for the transducers, those transducers within 

so any common zone area being driven at an amplitude and phase which may be different to those in non-common 

zones. 

14. An acoustically controlled magnetic coil system as claimed in any one of claims 11 to 13 in which the conductors 
for each primary coil are arranged in arcs. 



55 



15. An acoustically controlled magnetic coil system as claimed in claim 12 or 13 in which the conductors for each 
primary coil and magnetic screening coil and the acoustic control transducers are each distributed on individual 
cylindrical geometries, each of the aforesaid coils being arranged in the form of a fingerprint coil, each cylinder 
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being arranged in a nested concentric and coaxial set. 

16. An acoustically controlled magnetic coil system as claimed in claim 12 or 1 3 in which the coils form a gradient coil 
system for an MRI apparatus. 

5 

Pate ntansp ruche 

1. Vorrichtung zum aktiven akustischen Abschirmen eines Spulensystems, wobei das Spulensystem mindestens 
10 einen stromfuhrenden Leiter aufweist, 

wobei das Spulensystem entwederzwischen zwei Blocken aus akustischem Material, wobei die Blocke durch 
eine Lucke getrennt sind, Oder in einem Schlitz eines Blocks aus akustischem Material geeignet angebracht ist, 
dadurch gekennzeichnet, daft ein aktiver elektromechanischer Wandler in der Lucke oder dem Schlitz 
angebracht ist, urn die von dem Wandler erzeugten aktiven und reaktiven Krafte auszugleichen, und daBsie Mittel 
15 umfaBt, urn den elektromechanischen Wandler anzuregen, urn dem von dem Spulensystem erzeugten Schwin- 

gungsgerausch entgegenzuwirken, wenn es in einem statischen Magnetfeld angeregt wird. 

2. Aktives akustisch-gesteuertes Magnetspulensystem mit mindestens einem stromfuhrenden Leiter, der in einer 
Schleife konfiguriert ist, urn abgehende und ruckkehrende Pfade bereitzustellen, und der in Tragerblocken eines 

20 Materials mit vorbestimmten akustischen Ubertragungsmerkmalen angebracht ist, wobei die Tragerblocke erste 

und zweite Abschnitte aufweisen, die durch eine Lucke getrennt sind, wobei die abgehenden und ruckkehrenden 
Pfade jeweils in dem ersten bzw. zweiten Abschnitt angebracht sind, und das ferner mindestens einen in der Lucke 
angebrachten aktiven Wandler enthalt, und mit Mitteln zum Liefem eines vorbestimmten Wechselstroms an den 
Leiter und mit Erregungsmitteln zum Versorgen des mindestens einen aktiven Wandlers mit ausgewahlter Erre- 

25 gung und ausgewahlter Phase bezuglich des Wechselstroms, wobei die Erregung ausgewahlt wird, urn eine me- 

chanische Bewegung in dem Wandler zu erzeugen, um den in dem Tragerblock durch den Leiter erzeugten Schwin- 
gungen aktiv entgegenzuwirken, um die von dem Spulensystem erzeugten akustischen Gerauschezu verringern, 
wenn dieses in einem statischen Magnetfeld angeregt wird. 

30 3. Akustisch-gesteuertes Magnetspu lensystem gemaB Anspruch 2, in dem eine Mehrzahl von Wandlern vorgesehen 
sind, die jeweils mit Erregungsenergie versorgt werden, um eine mechanische Bewegung in dem Wandler zu 
erzeugen, um das von dem Spulensystem erzeugte Gerausch zu verringern. 

4. Akustisch-gesteuertes Magnetspulensystem gemaB Anspruch 3, in dem ein Mittel zum Bestimmen der an die 
35 Wandler gelieferten ausgewahlten Erregungsenergie ein Mikrophon umfaBt, das angebracht ist, um von dem min- 
destens einen stromfuhrenden Leiter erzeugte Gerauschsignale zu empfangen, wobei das Mikrophon mit einem 
Anzeigenmittel verbunden ist, und mit einer Steuerschaltung, die relative Phasen- und Amplituden-Steuersignale 
an die Erregungsmittel liefert, um die Wandler zu erregen, um das von dem Spulensystem erzeugte Gerausch zu 
verringern. 

40 

5. Akustisch-gesteuertes Magnetspulensystem gemaB einem der Anspruche 2 bis 4, in dem der aktive Wandler einen 
piezoelektrischen Wandler umfaBt, wobei dessen piezoelektrische Material ein Quarzkristall, Bariumtitanat, Bleiz- 
irkoniumtitanat oder andere derartige piezoelektrische Materialien sein kann. 

45 6. Akustisch-gesteuertes Magnetspulensystem gemaB einem der Anspruche 2 bis 4, in dem die aktiven Wandler 
magnetostriktive Vorrichtungen einer GroBe aufweisen konnen, die klein genug ist, um das erforderliche Gradien- 
tenfeld nicht bedeutsam zu beeinflussen. 

7. Akustisch-gesteuertes Magnetspulensystem gemaB einem der Anspruche 2 bis 4, in dem der aktive Wandler eine 
so dunne Stromschleife aufweist, die einen Gummiblock umschlieBt, wobei dessen Abmessungen ausgewahlt sind, 

um die Vorrichtung bei der Betriebsfrequenz nicht resonant zu machen. 

8. Akustisch-gesteuertes Magnetspulensystem gemaB Anspruch 7, in dem die ersten und zweiten Abschnitte des 
Tragerblocks das gleiche Material aufweisen, und wobei die Position der Lucke zwischen den abgehenden und 

55 ruckkehrenden Pfaden aquidistant ist. 

9. Akustisch-gesteuertes Magnetspulensystem gemaB Anspruch 7, in dem die ersten und zweiten Abschnitte des 
Tragerblocks unterschiedliche Materialien mit unterschiedlichen akustischen Kompressions-Wellengeschwindig- 
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keiten und unterschiedlichen Dampfungskonstanten aufweisen, wobei die Position der Lucke dann auswahlbar 
ist, um nichtaquidistantzwischen den abgehenden und riickkehrenden Pfaden des stromfuhrenden Leiters zu sein. 

Akustisch-gesteuertes Magnetspulensystem gemaB Anspruch 7, in dem der Wandler mit einer Matching-Einheit 
versehen ist, um es ihm zu ermoglichen, unterschiedliche mechanische Bewegungen an jeder Seite der Lucke zu 
erzeugen. 

Akustisch-gesteuertes Magnetspulensystem gemaB einem der Anspruche 2 bis 10, in dem die abgehenden und 
riickkehrenden Pfade getrennte Leiter getrennte Antriebsmittel umfassen, wobei ein Spulensystem mit einer Pri- 
marspule und einer magnetischen Abschirmungsspule fur das Spulensystem gebildet werden, wobei das Wand- 
lermittel erregt wird, um die akustische Ausgabe des Spulensystems zu verringern. 

Akustisch-gesteuertes Magnetspulensystem gemaB einem der Anspruche 2 bis 11 , in dem das Spulensystem x-, 
y- und z-Gradientenspulen und Abschirmungsspuien fur die x- p y- und z-Gradientenspulen umfaBt, und in dem die 
Wandler zwischen den Spulen und den Abschirmungsspuien angebracht sind und erregt werden, um die akusti- 
sche Ausgabe des Systems zu verringern. 

Akustisch-gesteuertes Magnetspulensystem gemaB Anspruch 12, in dem die Wandler raumlich mit gemeinsamen 
Zonen verteilt sind, die verwendet werden, um die Schallwelle fur die x-, y- und z-Gradientenspulen zu idschen, 
und mit einem logischen Matrixantriebssystem, das verwendet wird, um eine Mehrzahl von Antriebseinheiten fur 
die Wandler selektiv zu erregen, wobei jene Wandler innerhalb eines beliebigen gemeinsamen Zonenbereichs mit 
einer Amplitude und Phase angetrieben werden, die sich von denjenigen in nicht gemeinsamen Zonen unterschei- 
den konnen. 

Akustisch-gesteuertes Magnetspulensystem gemaB einem der Anspruche 11 bis 13, in dem die Leiter fur jede 
Primarspule in Bogen angeordnet sind. 

Akustisch-gesteuertes Magnetspulensystem gemaB Anspruch 12 oder 13, in dem die Leiter fur jede Primarspule 
und fur die magnetische Abschirmungsspule und die akustischen Steuerwandler jeweils auf einzelnen zylindri- 
schen Geometrien verteift sind, wobei jede der erwahnten Spulen in der Form einer Fingerabdruckspule angeord- 
net sind, wobei jeder Zylinder in einem verschachtelten konzentrischen und koaxialen Satz angeordnet ist. 

Akustisch-gesteuertes Magnetspulensystem gemaB Anspruch 12 Oder 13, in dem die Spulen ein Gradientenspu- 
lensystem fur eine MRI-Vorrichtung bilden. 



Revendications 

1 . Appareil pour ecran acoustique actif d'un systeme de bobines, ledit systeme de bobines comprenant au moins un 
40 conducteur v6hiculant un courant, 

le systeme de bobines etant monte de facon appropriee, soit entre deux blocs de materiau acoustique, les 
blocs etant separes par un espace, soit au sein d'une fente dans un bloc de materiau acoustique, 

caracterise en ce qu'un transducteur electromecanique actif est monte dans ledit espace ou ladtte fente 
de maniere a equiiibrer les forces active et reactive produites par le transducteur, et incluant des moyens destines 
45 & exciter le transducteur eiectromecanique afin de s'opposer au bruit vibratoire g6n6r§ par ledit systeme de bobines 

torsque celui-ci est excite dans un champ magn6tique statique. 

2. Systeme de bobines magnetiques a controle acoustique actif comprenant au moins au moins un conducteur ve- 
hiculant un courant, configure" en boucle afin d'etablir des trajets de depart et de retour et qui est monte dans des 

so blocs de support en materiau pr6sentant des caracteristiques de transmission acoustique predetermines, lesdits 

blocs de support comprenant des premiere et seconde parties s6par6es par un espace, lesdits trajets de depart 
et de retour etant months respectivement dans lesdites premiere et seconde parties et incluant, en outre, au moins 
un transducteur actif monte dans ledit espace, et comprenant des moyens pour fournir un courant alternatif pre- 
determine audit conducteur et des moyens d'excitation destines a appliquer a au moins un transducteur actif une 

55 excitation s6lectionn§e et une phase s6lectionnee par rapport audit courant alternatif, ladite excitation etant s6- 

lectionnee pour g£nerer un mouvement mecanique dans ledit transducteur afin de s'opposer activement aux vi- 
brations creees dans ledit bloc de support par ledit conducteur de maniere a require le bruit acoustique genere" 
par le systeme de bobines lorsque celui-ci est excite dans un champ magnetique statique. 
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Systeme de bobines magnetiques k contrdle acoustique selon la revendication 2, dans lequel sont disposes une 
plurality de transducteurs, chacun se voyant appliquer une excitation pour creer un mouvement mecanique dans 
le transducteur de maniere k reduire le bruit g6ner6 par le systeme de bobines. 

Systeme de bobines magnetiques k contrdle acoustique selon la revendication 3, dans lequel des moyens destines 
k determiner Pexcitation selectionnee appliquee aux transducteurs comprennent un microphone monte pour re- 
cevoir des signaux de bruit gen6r6s par cet au moins un conducteur vehiculant un courant, ledit microphone etant 
connects k des moyens d'affichage et incluant un circuit de commande qui transmet des signaux de commande 
de phase et d'amplitude relatives auxdits moyens d'excitation afin d'exciter les transducteurs de maniere k require 
le bruit g6ner6 par le systeme de bobines. 

Systeme de bobines magnetiques k contrdle acoustique selon Tune quelconque des revendications 2k4 } dans 
lequel le transducteur actif comprend un transducteur pigzoelectrique, ie materiau piezoelectrique de celui-ci pou- 
vant etre un cristal de quartz, du titanate de baryum, du titanate de zirconium de plomb ou d'autres materiaux 
pi£zoelectriques de ce type. 

Systeme de bobines magnetiques k contrdle acoustique selon Tune quelconque des revendications 2 a 4, dans 
lequel les transducteurs actifs peuvent comprendre des composants magnetostrictifs d'une taille suffisamment 
petite pour ne pas affecter significativement le gradient requis du champ. 

Systeme de bobines magnetiques k contrdle acoustique selon I'une quelconque des revendications 2 & 4, dans 
lequel le transducteur actif comprend une fine boucle de courant entourant un bloc en caoutchouc, ses dimensions 
etant choisies de maniere k rendre le dispositif non resonnant k la frequence de fonctionnement. 

Systeme de bobines magnetiques k contrdle acoustique selon la revendication 7, dans lequel les premiere et 
seconde parties du bloc de support comprennent un materiau identique et la position de I'espace est equidistante 
entre les trajets de depart et de retour. 

Systeme de bobines magnetiques k contrdle acoustique selon la revendication 7, dans lequel les premiere et 
seconde parties du bloc de support comprennent des materiaux differents presentant des vitesses differentes 
d'ondes de compression acoustiques et des constantes d'attenuation differentes, la position de I'espace pouvant 
etre alors selectionnee pour etre non equidistante entre les trajets de depart et de retour dudit conducteur vehi- 
culant un courant. 

35 10. Systeme de bobines magnetiques k contrdle acoustique selon la revendication 7, dans lequel le transducteur 
comporte une unite d'adaptation lui permettant de produire des mouvements mecaniques differents de chaque 
cdte de I'espace. 

11. Systeme de bobines magnetiques k contrdle acoustique selon i'une quelconque des revendications 2 a 10, dans 
40 lequel les trajets de depart et de retour comprennent des conducteurs s6pares avec des moyens d'attaque s6pares 

formant un systeme de bobines comprenant une bobine primaire et une bobine formant 6cran magnetique pour 
ledit systeme de bobines magnetiques, les moyens k transducteurs etant excite de maniere a reduire la puissance 
acoustique generee par le systeme de bobines. 

45 12. Systeme de bobines magnetiques k contrdle acoustique selon I'une quelconque des revendications 2 k 11 , dans 
lequel le systeme de bobines comprend des bobines a gradients x, y et z et des bobines formant ecrans destinees 
auxdites bobines k gradients x, y et z et dans lesquelles les transducteurs sont montes entre lesdites bobines et 
lesdites bobines formant ecrans et sont excites de maniere a reduire la puissance acoustique generee par le 
systeme. 

50 

13. Systeme de bobines magnetiques k contrdle acoustique selon la revendication 12, dans lequel les transducteurs 
sont spatialement repartis dans des zones communes qui sont utilisees pour supprimer I'onde acoustique des 
bobines k gradients x, y et z et un systeme d'attaque matriciel logique qui est employe pour exciter seiectivement 
une piuralite d'unites d'attaque des transducteurs, ces transducteurs d'une quelconque aire de zone commune 

55 6tant attaqu6s selon une amplitude et une phase qui peuvent etre differentes de celles des transducteurs de zones 

non communes. 

14. Systeme de bobines magnetiques k contrdle acoustique selon I'une quelconque des revendications 11 k 13, dans 
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lequel les conducteurs de chaque bobine primaire sont agences selon des arcs. 

Systeme de bobines magn6tiques & controle acoustique selon la revendication 12 ou 13, dans lequel les conduc- 
teurs de chaque bobine primaire et bobine formant ecran magnetique et les transducteurs de commande acous- 
tique sont distribues chacun sur des geometries cylindriques individuelles, chacune desdites bobines mentionn£es 
ci-dessus etant agencee sous la forme d'une bobine en empreinte digitale, chaque cylindre etant agence dans un 
ensemble concentrique et coaxial imbrique. 

16. Systeme de bobines magnetiques k contrdie acoustique selon la revendication 12 ou 13, dans lequel les bobines 
10 torment un systeme de bobines k gradients destine a un dispositif IRM. 
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